Temperature and Atmospheric Humidity as Factors Influencing Seed Setting in Alfalfa by Clark, Lealand A.
Utah State University 
DigitalCommons@USU 
All Graduate Theses and Dissertations Graduate Studies 
5-1931 
Temperature and Atmospheric Humidity as Factors Influencing 
Seed Setting in Alfalfa 
Lealand A. Clark 
Follow this and additional works at: https://digitalcommons.usu.edu/etd 
 Part of the Agronomy and Crop Sciences Commons 
Recommended Citation 
Clark, Lealand A., "Temperature and Atmospheric Humidity as Factors Influencing Seed Setting in Alfalfa" 
(1931). All Graduate Theses and Dissertations. 3935. 
https://digitalcommons.usu.edu/etd/3935 
This Thesis is brought to you for free and open access by 
the Graduate Studies at DigitalCommons@USU. It has 
been accepted for inclusion in All Graduate Theses and 
Dissertations by an authorized administrator of 
DigitalCommons@USU. For more information, please 
contact digitalcommons@usu.edu. 
TEMPERATURE AND .A.TM:lSPH!RIC HUMIDITY :1. 
.A.S FACTORS INFLUENCING SE:!D SETTING IN ALFALFA. 
.A. Thesis 
submitted to the Department of Agronomy 
utah State Agricultural College 
In partial :ru.lfillment 
of the 
ReqUirements for the Degree of 
Master of Science 
BY 
Leals.nd .A. . Clark 
March, 1931 
The writer acknowledges indebtedness to John 11'· Carlson, 
Superintendent of the Uintah Basin Alfalfa Seed EXperimental 
PIU'm, under whose direction this study was made, and to Dr . 
George Stewart, head of the Department of .Agronomy, Utah State 
Agricultural College. 
TABLE OF CONTENTS 
Review of L1 terature - - - - - - - - 1 
E:.tperimen tal work - 2 
Relation of air temperature and air humidity to pod 
formation in alfalfa - - - - - - - - - - - - - - - - - - 3 
A study of the effect of controlled condi tiona of air 
humidity on seed setting in alfalfa - - - - - - - - - - 21 
A study of the effect of enclosing alfalfa flowers under 
field conditions in relation to seed setting - 25 
paper Bags - - - - - - 25 
Cheese Cloth Cages - - 27 
sumnary- 29 
L1 tera ture Cited 31 
TEMPEIIATURE AND .A.Tl.OSPHERIO HUMIDITY 
AS FAO'roRS INFLUENCING SE:ED SE!I.'I'ING IN ALFALFA 
•••••••••••• 
FOr many years seed growers have thought that definite relationships 
eXisted between seed production and the weather. \fhen this subject is 
approached there is ll ttle unity of opinion, even aJ!Ong neighboring seed 
growers . l[ihis lack of unity would indicate that growers generally are aware 
of some cause which affects seed setting, but they are not certain that any 
particular condition of the weather is the chief contributing factor. 
scientific writers1 on the subject are also confident that weather is proba-
bly one of the major factors influencing seed production. 
REVIEW OF LITU!ATURE 
Alter (1) found the alfalfa plant for seed production to be very exact-
ing in meteorological requirements. Dry summers to induce seed formation in 
preference to vegetative growth and minimum amounts of irrigation water with-
out letting the plant burn were favorable to seed formation in the inter-
mountain regions. ..U ter also concluded that humid climates are unfavorab~e 
and that hot, dry winds cause the flowers to drop off or strip. 
Martin (7) found that moisture had no thing to do with the normal growth 
and function of ovule or pistil. BY the aid of artificial stigmas he found 
that the pollen was the non-functional part of the possible fertilization. 
Failure of the pollen grain to function was~·the lack of proper ooisture rela- ( 
tionship at time of meeting. The water requirements for germination of the 
pollen depends UpOn a certain ratio between the moisture delivered by the 
stigma and t h e moisture of the air surroundi ng the stigma. 
1 :t."Umber tl 1, 2, and 8 of Bibliography 
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EXPERIMENTAL liORK 
To secure data on some of the climatic factors influencing seed produc-
tion, an investigation was started on the Uintah Basin .llfalfa Seed :EXperi-
mental ra.rm in 1929. The plan of the experiment assumed that air temperature 
and air hwnidity were two of the major elements of the weather which 
influenced alfalfa while in the seed forming stage. '!'he experiment included 
a detailed study of alfalfa flowers growing under natural and artificial 
condi tiona. 
When flowers develop naturally in the field, they go through a series 
of stages. In this study the bud stage includes the development of the bud 
from its beginning until the time of unfolding to form the flower. Buds 
within one or two days of the flowering stage were used in this test. The 
flower stages follows after the petals of the bud have unrolled and extended. 
When the petals of the flower lose their turgidity they wilt. Jt>llowing the 
wilt stage a pod forms or the wilted flower falls or strips. some flowers 
remain in certain stages for prolonged periods while others form pods within 
two or three days after the flower stage begins. .1 detailed study of flowers 
during the various stages from bud to pod formation was prompted by the 
possibility that the air temperature and air humidity conditions which pre-
vailed while the flower was developing had some influence on seed setting • 
.1 self-recording hygrometer, manufactured by JUlien p. Friez and Sons 
and used for securing air temperature and air humidity records for the seasons 
of 1929 and 193:l, was located in the center of the EXperimental ra.rm. The 
weather bouse in which the hygrometer was kept is constructed so that the 
instruments rest about fourteen inches above the ground. .1 hygrometer working 
at this height should give an accurate record of the temperature and humidity 
conditions immediately surrounding the flowers. 
RELA.TION OF AIR TEMPERATURE .UlD A.IR mmiDITY 
ro POD POIU.!t.TION IN ALFALFA 
D uring the season of 1929, locations were chosen on several plats 
immediately surrounding the hygrometer, At each of these locations a stake 
was set and in its vicinity several racemes, bearing alfalfa buds about to 
come into bloom, were marked with small jewelry tags, Plants and racemes 
were selected at random, considerable attention was paid to the stage of 
development of the buds left on the racemes, '1/hen the buds were about uni-
form in development no effort was mede to limit the number on each rae eme, 
After ten days a re-count was mede of the racemes and the number of pods 
which had formed was determined. 
I n 19:!0 a location was selected on representative plats each Y:,nday, 
TUesday, and Wednesday. At each of these locations ten stakes were set, 
Around each stake ten racemes, each bearing twelve uniform buds, were marked 
with jewelry tags. EBCh raceme was observed at forty-eight hour intervala 
to determine the stages of flower development. rn reVisiting the locations 
it was found that a limited number of flowers on each raceme mede the recounts 
lllll.Ch faster. There is no particular reason why twelve buds should be chosen 
over any other number. The average raceme did not have !ll)re than twelve buds 
which were in about the same stage of development so that number was used. 
Tables 1'b . 1 and 2 are derived from the air temperature and air humidity 
records for 1929 and ~bles 1'b . 3 and 4 are from similar records for 19:!0, 
rn Tables 1 and 2 three conditions of night humidity and four conditions of 
day temperature, day humidity, and night temperature are recorded, The con-
ditions for 1930 are similarly shown in Tables 3 and 4. Day was arbitrarily 
classed as that period of time from 8 A. M. to 8 P.M. and night the period 
from 8 P. M. to 8 A.M. The first readings of each day are slightly influenced 
by the late hours of the previous night period, and those of each night by 
the late hours of each preceding day. 
The columns of figures under the various terms used in Tables NO. 1 
and 2, 3 and 4 were obtained in the following ways: To find the average 
day temperature, the temperature reading was taken at 8 .A.M., lO .A.M., 12 
noon, 2 P.M., 4 P.M., and 6 P.M., and then the average for the six readings 
was found. The average day temperature for the period of ten days is obtained 
by averaging the day temperatures for the period. ~e lliniiiWll day temperature 
was calculated by adding the minillllllD day temperatures for each day and then 
dividing by the number of days in the period. The maxillllllD day temperature is 
the highest temperature during the ,day. The average maximum day temperature 
was found by adding the maximum day temperature for each day and dividing by 
the number of days in the period. The night temperatures were calculated in 
the same manner as the day temperatures. .Average day humidity was found by 
taking an average of the lnmlidity readings at 8 A.M., 10 A.M., 12 noon, 2 P.M., 
4 P.M., and 6 P.M. Minimum day humidity is the lowest humidity recorded 
during the day. Average minimum day humidity was found by adding the mini= 
humidity readings for each day and dividing by the number of daus in the 
period. Average maximum day humidity is an average of the maxiarom day humidity 
readings for the days of the period. Night humidity condi tiona were calculated 
in the same manner as the humidity conditions of the day. 
The graphic representations and correlations for 1929 are made from a 
limited flower population- 7,052- which were observed during five periods 
from early JUly to late August. These data are presented only to call atten-
tion to the general trend in seed setting in relation to air temperature and 
ail' humidity as compared with the data secured in 1930. 
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Table 1- TEMPERATURE, 1929 
Daz Jlight 
% Ave.: Ave .: Ave.: 
period: Date pods Min.;Ave. wu.: wu.: Min.: !lin.: A.ve.: ),laX. : 
.. 
7/1-10/29 A. 23.8 63 78 86 94 33 44 55 75 
B. 7/17-26/29 28.1 67 8) 90 95 49 54 59 75 
c. 7/27-8/5/29 8,9 64 74 83 90 49 54 59 69 
D. 8/3-D/29 7.6 66 75 76 90 42 48 50 70 
E. 8/17-26/29 22.6 63 72 84 88 44 48 54 73 
Table 2- HUMIDITY, 1929 
Daz Night 
% : Ave.: Av e .: Ave.: Ave.: 
period: Date pods Min.; Min.: Max.: Ave.: A.ve.: Max.: W.n.: 
7 /1-l0/29 
.. 
A. 23.8 11 L8 69 39 75 1 98 43 1 
B. 7/17-26/29 28.3 22 35 68 45 86 99 59 
c. 7/27-8/5/29 8,9 a:J 34 78 54 88 99 69 
D. 8/3-11/29 7.6 6 24 66 41 81 99 60 
E. 8/17-27/29 22.6 12 19 70 44 86 99 66 
Table 3 -- TEMPERATURE, 193:> 
naz Night 
% Ave.: Ave.: : Ave.: 
Period nate pods Min.: Ave.: Max. : Max.: Min.: Min.: Ave.: Max.: 
A 6/17-27/3:> 52,1 58 : 72 86 86 37 44 52 : 70 
B 6/18-29/3:> 36.8 59 : 72 76 86 37 42 51 73 
c 6/,19-29/3:> 53.9 :: 58, : 72 79 86 37 41 50 73 
D 6/24-7 /4/3:> 37.5 59 76 82 92 37 41 51 73 
E 6/25-7/3/3:> 33.7 58 76 85 88 37 41 51 73: 
F 6/25-7 /6/3:> 42.9 61 78 86 92 37 43 53 74: 
G 7 /1'-9 /3:> 37.7 64 79 89 92 42 50 58 74 : 
H 7/2-10/3:> ro.s 65 79 88 92 44 52 59 74 : 
I 7/3-11/3:> 21.6 66 76 87 92 46 53 60 74: 
J 7/8-18/3:> 15.6 66 77 84 92 49 55 61 74: 
K 7/9'-19/3:> 15.7 66 76 83 86 49 55 61 73 
L 7/10-'JJ/3:> 25.7 65 75 00 85 46 54 59 73 
M 7 /15-25/3:> 1916 65 75 81 85 40 49 51 1 73 
N 7 /1S-26f3) 17.2 63 74 81 85 40 48 57 73 
0 7/17-27 3) 11.9:: 64 74 81 85 40 48 56 73 
p 7.f22-8/i/ro 12.0 64 74 81 84 40 49 57 70 
Q. 7 /23-B/2/3:> 16.0 64 74 82 84 40 49 57 70 
R 7/24-8/3/3:> 6.5 64 73 76 84 40 51 57 '70 
s 7/29-8/8/3:> 1.7 65 74 79 85 48 54 58 '70 
T 7/30-8/9 /3:> 1.0 64 73 00 85 48 59 59 70 
u B/1-9 /3:> 9.7 64 73 00 85 48 55 50 70 
v 8/5-11/3:> 3.1 68 74 00 85 52 57 60 70: 
w 8/S-12/3:> 4.3 65 73 80 85 52 57 60 70 
X 8/12-22/3:> 14.0 60 73 00 88 42 45 52 68 
y B/13-23/':!!J 11.2 60 73 00 88 42 44 51 68 
z 8/14-24/3:> 28.6 00 74 82 88 42 1 441 51 68 
A' 8/19-27 /3:> 38. 3 61 75 84 88 42 45 52 68 
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Table 4 -- HUMIDITY, 1930 
Day Night 
'% Ave.: Ave.: :Ave. A.ve. 
period: Date pOds ),lin.: !.lin.: )4a.X. : A.ve.: A.ve.: ).!e.X. ).lin. 
A. 6/17-27/30 52.1 34 44 78 56 81 94 69 
B 6/J::S-29/'3) 36.8 30 41 78 56 80 95 67 
c 6/19-29/2{) 53.9 ;'!{) 41 77 53 88 95 67 
D 6/24-7/4/2{) 37.5 ;'!{) 39 75 53 78 95 64 
E 6/25-7/4/2{) 33.7 ;'!{) 40 59 59 68 96 66 
F 6/26-7/6/2{) 42.9 ;'!{) 41 75 56 78 96 63 
G 7/1-9/2{) 37.7 40 47 80 62 81 97 67 
H 7/";,..10/'3) 30.8 40 49 85 63 83 97 57 
I 7/3-11/'3) 21.6 40 52 82 65 82 97 70 
J 7 /P-18/'3) 15.6 50 56 83 66 85 98 74 
K 7/9-19/2{) 15.7 52 58 84 67 84 98 73 
L 7/10-'JJ /;'!{) 25.7 52 58 90 69 84 98 74 
M 7 /15-25/2{) 1!9.6 50 55 82 65 83 99 69 
N 7/16-26/2{) 17.2 48 54 82 65 81 99 67 
0 7/17-27/30 11.9 48 54 82 65 92 99 68 
p 7/22-8/1/'3) 12.0 48 56 84 67 93 98 70 
Q 7/23-8/2/'!IJ 16 .0 48 58 86 69 85 98 72 
R 7 /24-8/3/2{) 6.5 48 60 87 7l 86 98 71 
s 7/29-8/8/2{) 1.7 50 62 87 72 89 99 80 
T 7/30-8/9 /;'!{) 1.0 50 61 76 72 90 99 81 
u 8/1-9/2{) 9.7 50 61 87 72 91 99 69 
v 8/5-11/'3) 3.1 50 67 84 69 89 99 81 
11' 8/6-12/2{) 4. 3 50 60 85 69 89 99 83 
X 8/1';,..22/30 14.0 30 45 80 57 85 98 77 
y 8/13-23/2{) 11.2 30 43 81 56 85 98 75 
z 8/14- 24/2{) 28.6 ;'!{) 40 76 54 84 98 75 
A.' 8/19-27 /'3J 38.3 ;'!{) 41 77 52 83 98 ?l 
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In ]'igu.re 1 maximum day temperature, r = +.5252:!: .2190 'f'/P.E. 2.4, 
is very similar to the correlation value of the same condition for 1930. 
The high positive correlation of average maximum day temperature, r = +-.~23 
! .1077 r/P.E. 7.4, far exceeded the correlation derived from the same con-
di tion studied in 1930. It is thought that the method of takiug data and the 
limited number of cases studied has introduced an error which accounts for 
the wide difference for the two seaeons. J,verage day temperature, r • +.2'703 
! .2903, and average minimum day temperature, r: -.0337:!: .3:>21, are probably 
not significant for 1929 though they generally agree with the data of 193:>. 
In Figure 2 the condi tiona of night temperature are illustrated graphi-
cally. The minimum night temperature, r: -.3664 :l: .2618 r/P.E. 1.4, and the 
average minimum night temperature, r • -.3333~ .2688 r/P.E. 1.2, indicate 
which, 
negative correlations / although not significant for 1929, are more thoroughly 
established by data from 1930. The average night temperature, r • ~.2621 1; 
. 2816 r/P.E •• 9, though not significant for 1929, 1s followed in 193:> by a 
more valuable correlation. The data from the maximum night temperature study, 
r = +.09~! .2995, is not significant for 1929. The same condition studied 
during 193) is also low in correlation value. 
With the exception of minimum daily humidity, r: ~.1842:: .2941, the 
condi tiona of daily humidity, Figure 3, appear to have some influence on seed 
settiug in alfalfa. J.verage minimum daily humidity, r = . 3375 :t .2655; 
average maximum daily humidity, r = -. 3308 :t • 2652, and average daily humidity, 
• = -.4908 !. .2295, for 1929 agree favorably w1 th the more significant correla.-
tiona of the same conditions for 193:>. Of the day humidity conditions studied, 
high average daily humidity is perhaps the most detrimental to seed settiug. 
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Fi g . 1 Graphic representat ion of day temperature 
and percentage of pods formed 
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Pig. 2 Graphic representation or night te~perature 
and percentage or pods rormed 
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Fig . 3 Graphic representdtion u.f day humidity 
and percentage of pods formed 
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rn Figure 4, aver~e maiimum night humidity, r = -.3460 '!: .2662, aver~e 
night humidity, r = -.3234 t; .2977, and aver~e llinimum night humidity, r • -
-.2993 r .2753, when used in connection with data from 1930, point favorably 
to the fact that dry air during the night favors seed setting in alfalfa. 
The graphs in Figures 5, 6, 7, and 8 were made from Tables No. 3 and 4." 
Temperature and humidity conditions illustrated by the graphs appeared to 
warrant mathematical correlation with pod formation. Some striking correla--
tions were found between conditions of air temperature and air humidity and 
the percentage of pods formed. 
In Figure 5, night temperatures are correlated with the percent~e of 
pods formed. MaXimum night temperature bas a correlation where r: t.2492 r 
.0080 r/P.E. 3.1. rn this case the value of r is probably too small to be 
significant. With average night temperature, r = -.5450 ~ .0385 r/P.E. 14.1. 
This correlation is probably significant since -.5450 is 14.1 times larger 
than its p-obable error. .A.ver~e minimum night and mininmm night temperatures 
have even more significant correlations. .A,ver~e minimum night temperature 
r: -.7297 :t .0606 r/P.E. 12. Minimum night temperature r = -.6425 I .0534 
r/P.E. 12. Correlations of this size, being negative and so many times larger 
than their probable errors, would indicate that cool nights are highly favor-
able for seed setting. These data indicate that night temperature influences 
pod formation to the extent that any marked increase in temperature is follow-
ed by a decrease in percent~e of pods formed. 
rn the main the graphic curves of day temperatur e, Figure 6, are too 
flat to be very significant. When correlated with the percent~e of pods 
formed, average minimum day temperature has an r value of -.2194 ;t .0350 
r/P.E. 6.2; average day temperature, * = ~.2324 t .226 r/P.E. 1.8; average 
• Data from a study of 31,288 flowers. 
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.Pig. 4 Graphic representation of night humidity 
and percentage of pods formed 
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Fig , 5 Graphic representation of night temperature 
and percentage of pods fo=ed 
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Fig. 6 Graph ic representation of day temperature 
and percentage of pods forn:ed 
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maximum day temperature, r = +.2906 1 .1052 r/P. E· 2.7. The value of r 
in all three of these day temperatures is too small to bear any statistical 
significance. HOwever, the ma.ximwn day temperature w1 th a correlation where 
r = +.4044 t .1084 r/P.E. 3.7 might indicate that warm days are favorable to 
pod formation. Probably the co mbined value of Figure 4 and Figure 5 would 
indicate that bot and relatively dry days are favorable for seed formation. 
on the experimental farm the dew point is reached nearly every night. 
]!1:>r this reason no attempt was made to correlate or show maximum night humid.-
i ty in graphic form. In Figure 7 average maximum night humidity correlated 
with pod. fo:nnation shows r = -3036! .1177 r/P.E. 2.7. This figure is too 
small to have special significance, however it might indicate that the short 
period of time when dew is being d.eposi ted. is not especially harmful. With 
average night humidity, ~ = -.5661 i .0880 r/P.E. 6.4, the correlation is 
quite significant in showing that a continued high humidity through the night 
is not favorable to seed. formation. .A.verage minimum night humidity, with 
r = -.6776! .0701 r/P.E. 9.5, gives a good. indication that dry nights are 
favorable for seed setting. 
very significant correlations are found. with some conditions of day 
humid.i ty. Average maximum day humidity, r = -.55a:> ~ .0901 r/P.E. 6, has a 
lower correlation value than the other three conditions represented. in Figure 
B. Generally the maximum day humidity was registered at 8 .A..M,, when the in-
fluence of the early morning hours was still present. Considering that the 
influence of the preceding period. soon disappeared after 8 A.M., the correla-
tion of average maximum day humidity represents rather a limited. time when 
the flowers were subject to high humidity. The correlation of average maxi-
mum day humidity indicates two things; first, that high humidity, even for 
short periods of time, is detrimental and. second., that shorter periods are 
not so detrimental to seed formation as prolonged. periods when the air humid-
ity is high. This second. conclusion is supported. by the correlation of 
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Fig. 7 Graphic representation of night hum i dity 
and percentage of pods formed 
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Fig. 8 Gr aphic representation of day h~~id ity 
and percentage of pods formed 
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Percentage of pods formed 
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average day humidity where r: -,8751 S .0307 r/P.E. 28,1, This high 
negative correlation indicates that a high average humidity continued through 
t he day is very detrimental to seed setting. Average minimum day humidity, 
where the value of r • -.7726 r .0512 r/p.E. 25.1, and minimum day humidity, 
r: -.7287 t .0607 r/P.E. 12, also carry convincing evidence that high humid-
ity during the day is decidedly detrimental to seed setting, 
Due to the a•nall flower population and the unsystematic procedure in 
gathering data in 1929, the graphs and correlations of temperature and humid-
ity conditions are not considered to be entirely reliable. Of itself, the 
data for the first season is not valuable, However, when used in connection 
with the data for 19:!0 some importance might be attributed to the data of 1929, 
It will be no ted that the correlation values of the various condi tiona, listed 
in Table 5, follow the same general trend during both seasons. 
In general the data from 19:!0, relating to studies on air temperature 
and air humidity, point favorably to the fact that the alfalfa plant is 
naturally an aria plant which seed$ best under desert or semi-desert condi-
tions of cool nights and warm days, and a relatively dry air both night and 
day, 
!rable 5 -- Tn!PERA.TURE AND HUMIDITY RELATIONSHIPS 
Average minimum daily temperature 
Average daily temperature 
Average maximum daily temperature 
Mrud!IIW!l daily temperature 
Minimwn night temperature 
Average minirm.un night temperature 
Average night temperature 
MaXimum night temperature 
Minimum daily humidity 
AVerage minimum dal. ly humidity 
AVerage maximum daily humidity 
Average daily humidity 
A,verage minimum night humidity 
Average maximum night humidity 
Average night humidity 
1929 
r-.0337 t .3021 
r+.2703 t .2903 
r+.8023!:: .1077 
r+.5252 :!: . 2190 
r-.3664.!: .2619 
r-.3333:!: .2688 
r+.2621 !: .2816 
r+.0980! .2995 
r+.1842:!: .2941 
r-.3375 !: .2655 
r-.3308 ! .2652 
r-.4908 .!: .2295 
r-.2993 :! • 2753 
r-.3400! .2662 
r-.3234 1: .2977 
]1930 
r-.2194 t .0350 
r+.2324.! .1226 
rf-2906! .1052 
rt-4044;!; .1084 
4.-. 6425 ! .0534 
r-.7297! .0006 
r-.5450 ! .0395 
r+.2492! .ooeo 
r-. 7287 ! .0007 
r-. 7726 :! .0512 
r-.5520.!: .0901 
r-.8751 ;:; .030.7 
r-.6776 :: .0701 
r-.3036:! .1177 
r-.5661 = .0880 
A STUDY OF THE EFFJroT OF CONTROLLJ!ll CONDITIONS OF 
A.IR I!Ut!IDITY ON SEED SETTING lN ALFALFA 
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Martin (7) made a very detailed study to determine the effects of 
Dl:)isture on the germinating ability of alfalfa pollen. The pollen was placed 
inside large beakers where lclown condi tiona existed. Resting on some material 
intended to take the place of the stigma, the pollen was studied during its 
period of germination. :BY this type of experimentation Martin found that 
pollen is the non-functional part of the possible fertilization and that an 
improper balance in the supply of soil and at!IDspheric Dl:)ieture was the real 
cause of alfalfa. pollen refusing to germinate. 
In the effort to control moisture conditions, in this study, and study 
its effect on the developing flowers, the celluloid cage shown in Figure ~­
wa.s used. This cage measured eight inches in length and three and one-half 
inches in diameter. TliO or three stems of alfalfa, bearing three or four 
racemes of flowers, were placed inside the cage. The cloth around the bottom 
wa.s drawn tight around the stems which had been covered with cotton and tied 
to a stake. The cloth on top of the cage was folded over, making it j)ossi ble 
to inspect the flowers. Three series of cages were continued throughout the 
season. 
In a.n effort to reduce the humidity surrounding the flowers, ca.c12 was 
kept inside the ca.gee. No means of measuring the humidity inside was pro-
vided, but it appeared that some of the moisture was being absorbed. In 
another series, where a condition of high humidity wa.s desired, the cotton 
around the stems was saturated with water. In addition, a series of •empty 
cages• were used for checks. Around each cage several racemes were marked 
and re-visited to determine the percentage of pods formed. The flowers 
studied on the outside served in two ways; they were used to measure the 
am:>unt of injury brought about by the cages and they were correlated w1 th 
the temperature and humidity records for 1929 . 
Table 6 -- sumnary of the effects of controlled condi-
tions of air humidity on seed setting in 
alfalfa. 
NUmber of 
Treatment Flowers per Cent Pods 
Checks (empty cages) 2,338 14.5 
F1 eld Checks 6,383 17.5 
High HUmidity (wet cotton) 2,491 8.1 
F1 eld Checks 8,063 ]4.4 
.A.ridi ty (cacl2 in cage) 2,223 10.5 
Field Checks 7,309 21.0 
The data in Table 6 indicates that pods are formed quite successfully 
under the small celluloid cages. 
controlling humidity was thought to be possible so the test was con tin-
ued through the season of 1930. r,arger cages of lll:lod and celluloid, Figure 
10, were constructed and instruments to measure the temperature and humidity 
were placed on the inside of each cage. 
Early in the season the series of cages in which a condition of dryness 
was attempted were discontinued because large quantities of cacle failed to 
lower the humidity inside the cage. The empty cages were known as checks • 
.A. condition known as ~nedium• was achieved by partly covering the top of the 
cage with paper. The •wet• condition was the result of introducing several 
small eponges saturated with water. 
several stems of alfalfa, bearing racemes of flowers, were trimmed 
carefully and introduced into the cage through the hole in the bottom. cotton 
was wrapped around the stems until thare was <!!nough to completely close the 
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Figure 9 -- Celluloid cage used in 1929 
Figure 10 -- Celluloid cage used in 19:!0 
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hole. on the inside of the cage several racemes were labeled •wu with small 
jewelry tags and studied during the development of the flowers . .A.t least 
ten racemes on the same plant were studied on the outside to d etermine t he 
injury resulting from the cages. 
The instruments used to measure temperature and humidity on the inside 
of t he cages were not self- r ecording so readings were taken every two hours 
during the day, starting at 7 .A.. M. and running until 7 P. M. 
Table :7 - - summary of the effects of controlled conditions 
of ai r humidity on seed setting in alfalfa, 1930. 
. Cages Plant Checks . 
season:Condition: .A,ve. HUmidity No. Flowers i pods ~.Flowers % pods 
Temp.: .A. ve. 
193) Check 92 54 2117 6 1782 29 
Medium 95 66 1349 24 1394 24 
wet 96 .,., 2299 6 173:) 32 
Data f rom the studi es of contro l led humidity relationships in 193) are 
summarized in Table _7 . Due to the extremely artificialcondi tions set up 
inside the cages, ligures 9 and 10, the data are of no value. EVen with the 
l a r g er type of cage, extremely high temperatures would be reached at noonday . 
Temperatures o f 1].00 and 1120 F. were not uncollliiDn in the cages where the 
•medium• and •wet• conditions were attempted. TOget her , the extremely high 
temperatures and t he high percentage of rooisture would make condi tions in the 
cage extremely unfavorable for plant growt h. 
paper :sags : 
A STUDY OF THE EFFJroT OF ENCLOSING ALFALFA FIDWERS 
UNDER FIELD CONDITIONS IN RELATION ro SEED SETTING 
The value of artificial tripping of alfalfa flowers has been known for 
ma.ny years, Piper, et al (9) found that 16.76 per cent of' the alfalfa flowers 
set pods when IU't'eloped naturally and 30,68 per cent when tripped artificially, 
The flowers enclosed in cloth bags and not tripped by hand or by insects 
formed only 5,5 per cent pods. This lower percentage was attributed to the 
exclusion of insects. Frandsen (5) of Denmark, southworth (10), working in 
Canada, and Carlson (5) in Utah have obtained results which established e 
ratio near 1:1.8 in favor of artificial tripping over flowers allowed to devel-
op naturally. In breeding strains of alfalfa on the Uintah Basin seed perm, 
carlson had noticed injury which was thought to be caused by the bags, cages, 
and other breeding devices which have been used to insure self-fertilization. 
In order to study the effect of various cages on seed setting, a test was 
started in 1930. 
Naturally developed flowers and flowers which had been artificially 
tripped were used in this test because the data from t110 conditions should 
measure the influence of' bags with greater accuracy. Figure 11 shows the use 
of paper bags. Then, the question arose, "will the detrimental effects of 
paper bags off-set the benefiCial effect of tripping?". 
Data from Table 8 show that bags are not especially injurious to pod 
formation. If bags are detrimental, the injurious effects have been shadowed 
by the protection against insects which the bags supplied. NO doubt the 
insect injury during 1930 would warrant this conclusion . The ten per cent 
increase of pods in favor of the tripped open-grown flowers as compared to 
figure ll -- paper bags on alfalfa plant. 
Table 8 -- summary of study of ntripped flowers under paper bags 
vs. tripped flowers open grown" and "flowers under 
paper bags vs. flowers open grown", 
season 1930 
Tripped flowers under paper bags 
Tripped flowers open grown 
Flowers under paper bags 
Flowers open grown 
'l\:)tal NO . 
Flowers 
3737 
2505 
3947 
2687 
Tripped :Percentage of 
J\.rtificially• flowers forming 
: pods 
all 
all 
none 
none 
34 
44 
14 
15 
the tripped flowers in bags is probably not significant. The data gives 
support to t he conclusions of other workers regarding the value of artificial 
tripping. 
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Cheese Cloth cages: 
The writer has been unable to find data from •xperiments designed to 
test the effect of cheese cloth cages on seed setti~. cages of the same 
type, Figure 12, have been used, but it appears that data have never been 
taken which would measure the amount of injury resulting from the cages. 
Figure 12 -- Cheese cloth cages on alfalfa plants 
carlson, Uintah Basin Alfalfa seed Farm, has taken data since 1927 on 
several nursery plants which have been high yielders of seed every year re-
gardless of seasonal condi tiona. It was tho~t that any influence result-
ing from the use of the cage could be checked by testi~ the flowers on these 
plants which had produced seed regardless of any external influence which 
might have been supplied by climate or soil conditions. The cage was placed 
over half of the plant , no effort bei~ made to restrict the visits of bees 
or other insects. BY usi~ both artificially tripped flowers and those 
flowers growing under normal field conditions under the cage, it was tho~t 
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that the test might show the beneficial effect of tripping, being influenced 
by the detrimental effect of the cage. 
In Tables g and 10 the data from the t est to determine the detrimental 
effect of cloth cages are summarized. Though there is a slight gain in per-
centage of pods in favor of flowers grown under natural condi tiona, the gain 
is probably not large enough to prove any injury resulting from the cages. 
piper, et al(7) observed an injury from cages of a similar type but it was 
thought to be due to the exclusion of insects. The data from Tables 9 and 
10 are valuable to demonstrate the beneficial effect of tripping. 
Table 9- summary of studies on tripped flowers under cloth 
cages vs. tripped flowers open grown. 
Tripped flowers 
plant NUmber under cloth cages 
::Ill). of flowers per cent pods 
l 281 25 
2 277 €() 
3 411 81 
4 614 64 
5 312 72 
6 256 37 
7 183 64 
8 75 71 
9 €() 37 
10 93 54 
11 118 68 
Totals 2680 57 (Ave.): 
Tripped flowers 
open grown 
No. of flowers: per cent pods 
441 44 
286 74 
162 90 
654 79 
ro5 63 
262 61 
218 55 
73 69 
93 62 
36 61 
89 55 
2619 65 (.A.ve.) 
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Table 10 -- Sunme.ry of studies on flowers not tripped artificially 
under cloth cages vs. flowers open grown. 
Flowers under cloth cages Flowers open grown 
plant NUmber NUmber o! per cent NUmber of per Cent 
flowers Pods flowers Pods 
1 178 22 3:>1 29 
2 253 34 245 39 
3 299 8 3)1 27 
4 619 5 591 21 
5 233 12 199 19 
6 142 4 248 9 
7 234 39 271 2.6 
8 90 43 94 45 
9 125 9 154 22 
10 102. 12 56 33 
ll 161 53 132 58 
TOtals 2436 22 (Ave.); 2382 29 (.A.ve.) 
666 
ST11lii.A.RY 
1. The alfalfa plant is best adapted to arid sections and seeds best 
under typical desert or semi-desert conditions of cool nights and warm days 
and relatively dry air both night and day. 
2. paper bags and cheese cloth cages placed over artificially tripped 
flowers showed no detrimental effects during the season of 1930. 
3. Flowers subjected to the artificially controlled conditions of air 
humidi ty, due to the unnatural influences introduced, did not produce reliable 
data . 
The cages used as checks, with an avera.,ge humidi ty of 54 per cent, pro-
duced 6 per cent of pods. 
The •medium• cages, with an average humidity of 66 per cent, produced 
24 per cent of pods. 
rn the 11 wetn cages, where there was an a verage humidity of 77 per cent, 
6 per cent of pods formed . 
Attempts to induce a uniformly cold night temperature with ice packs 
showed no thing of value. 
Because t here was no way to measure the temperature and humidity rela--
tiOnships inside the cage, those data were not used in the gummary. 
l. Al ter, J.cecil 
193) 
2. Blinn , P. K. 
3. F". A .C of( MIJ..N 
4. carlson, John 1'(. 
1928 
5 . carlson, JOhn W. 
l9Z() 
6. ga y, w. D. 
1925 
7. Martin, J. N. 
1925 
e. McClym:> nds, A. E. 
-31 
LITERATURE CITED 
llfalfa seed growi ng and t h e weather. 
UlS.A.c. Bulletin 171 
ractors that affect alfalfa seed yields. 
Colorado Agri. EXPt. station Bulletin 257 
pollination in alfalfa. 
BOtanical Gazette, Vol. VLXXIV, No. 2, Qct. 1922, p.l97 
seasonal behavior of alfalfa nowers in relation to seed 
production. 
Jour • .A.mer. soc • .A.gron., ID:542-556 
Artificial tripping of flowers in alfalfa in relation to 
seed production. 
Jour. Amer. soc • .A.gron., Vol. 22, NO. 9. 
noes artificial tripping of alfalfa bloseoms increase 
seed- setting? 
Scientific Agriculture, 5:289-290 
Relation of misture to seed production in alfalfa. 
Iowa Agril EXPt. Station, Rsch. BUl. 23. 
Alfalfa seed production in eouthern Idaho. 
university of Idaho .A.gri. EXPt. Station Bulletin 143 
9 . Piper, c.v.,et al Alfalfa seed production: pollination studies. 
1914 u. s. n . .A.. BUl. 75 
10. Sowt~worth, w. 
1928 
Innuences which tend to affect seed JrOduction in 
alfalfa and an attempt to ra1 se a high seed-producing 
strain by hybridization. 
Sciantific Agriculture, 9:1-19. 
